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Tissue reactivity may be altered by infection not only in a  specific 
sense to substances derived from the causative agent, but also non- 
specifically to unrelated antigenic materials.  Specific alterations af- 
ford the basis for clinically useful cutaneous reactions in such diseases 
as  tuberculosis,  pneumonia,  trichophytosis,  lymphogranuloma  in- 
guinale, and tularemia.  On the other hand, non-specific changes in 
reactivity are involved in fewer clinical demonstrations.  Changes in 
the degree of capillary permeability (1)  and in the character of can- 
tharidin blister fluids (2) have been ascribed to alterations in cellular 
reactivity incident to certain infections. 
Non-specific changes in reactivity, although well recognized, have 
not been studied extensively, and their influence in determining the 
ultimate response of the body to the introduction of foreign proteins, 
or of infectious agents seems worthy of additional investigation. 
Most observations of this character have been made in experimentally infected 
animals, and many deal with the effect of tuberculosis upon antigenic responses. 
Dienes (3) noted that injections of egg white into tuberculous lesions  in guinea 
pigs induced a  tuberculin type of skin sensitivity to this substance.  Lewis and 
Loomis (4) observed increased formation of hemolytic amboceptor and agglutinins 
against B. typhosus following injections of the appropriate antigens into tubercu- 
lous guinea pigs.  Under similar conditions of infections Selter (5) demonstrated 
cutaneous hypersensitivity to extracts of colon bacilli.  Experiments in tubercu- 
lous  rabbits dealing only with the rate of production of hemolytic  amboceptor 
have been reported by several observers (4, 6, 7) with highly inconstant or negative 
results.  Certain other chronic infections likewise influence reactivity non-specifi- 
cally.  For example, Lewis and Loomis (8) found accelerated formation of hemo- 
lytic amboceptor in  guinea  pigs  infected  with  streptococci  or  B.  abortuz. 
Blumenberg (9) demonstrated tuberculin sensitivity in rabbits when severe chronic 
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paratyphoid infections  were present.  Schroeder (10) observed increased  hemo- 
lytic amboceptor production following sheep red blood cell injections into stock 
rabbits suffering from spontaneous abscesses;  but experimental infections  with 
staphylococcus or B. pyocyaneus did not produce this effect, possibly because the 
artificial infections were not chronic in character.  Wessely (11) in 1911 described 
an "anaphylactic type" of keratitis that developed after an interval of 2 weeks in 
a  majority of normal rabbits receiving  intracorneal injections of horse serum. 
This reaction was subsequently studied, particularly in luetic rabbits, by a number 
of investigators with conflicting results (12-16).  Among  these,  yore Hofe and 
Krantz (16), and L~wenstein  (12), found that keratitis developed with greater 
frequency and intensity in syphilitic rabbits. 
It  appears,  therefore,  that  certain  infections,  particularly  those 
chronic in nature,  accelerate non-specific responses.  This phenome- 
non, however, has been observed only in the stage of active infection, 
suggesting  that  the  reaction may  be  due  in  large  part  to  transient 
physiological effects of fever and  toxemia rather than to factors ex- 
clusively conditioned by infection.  That an infection may alter subse- 
quent response, and that this alteration may be of considerable signifi- 
cance is suggested by the fact that non-specific changes of reactivity 
of decisive influence have been induced experimentally by preliminary 
injection of antigenic materials. 
Semsroth and Koch (17) found that preliminary treatment of guinea pigs with 
horse serum and of rabbits with streptococcal vaccines or casein markedly altered 
the reactivity of the endocardium; this was demonstrable upon the subsequent 
establishment of a staphylococcal  infection.  Their experience corresponded with 
that of others to whom they refer (especially Siegmund (18)) in that staphylococ- 
cal  endocarditis  developed  regularly  only  in  rabbits  receiving  preliminary 
treatments. 
Btihmig (19) showed that rabbits injected intracutaneously with small amounts 
of horse serum reacted subsequently to small intracutaneous inocula of avirulent 
green streptococci with an inflammation "hyperergic" in character, and succumbed 
to intravenous inoculations of the same organism in doses which were not fatal for 
untreated animals. 
Daremberg (20) found that the intravenous or subcutaneous injection of 5 cc. 
of dog serum in guinea pigs infected with human tubercle bacilli  occasioned  a 
greatly decreased resistance to later reinfection. 
Experiments of Schroeder (10) showed that the production of hemolytic ambo- 
ceptor, in response to specific antigenic stimulation, was increased by preliminary 
intravenous injections of pneumococcal  autolysates.  Similarly,  Clark,  Zellmer, 
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injections of heat-killed Gram-positive cocci; and Khanoikar (22) encountered a 
like phenomenon with reference to B. paratyphosus  after immunizing injections of 
B. pyocyaneus vaccine.  Clark and his coworkers noted slight increases in resis- 
tance following  this heterologous  immunization.  Analogous  findings  were reported 
by Otsuki  (23) in  that resistance to streptococcal infection was increased by 
preliminary immunization with B. coli and B. proteus.  It is a commonly known 
fact that guinea pigs treated with diphtheria toxin plus antitoxin are much more 
highly sensitized to serum than those treated with normal serum or antitoxin only. 
EXPERIMENTAL 
The  experiments  described  in  this  paper  demonstrate  altered 
reactivity  in  rabbits  after  the  disappearance  of  mild  cutaneous 
streptococcal infections and following intravenous immunization with 
streptococci.  The  critical test  was  the  response  to  intracutaneous 
injection of small doses of horse serum.  Such a test possesses several 
advantages.  Properly  controlled, the results are relatively constant; 
antigenically, horse serum and streptococci have very little in common; 
in particular, they provoke contrasting types of sensitivity (24,  25). 
Although small doses have been employed to demonstrate anaphylac- 
tic phenomena in  guinea pigs,  relatively large quantities  have been 
given heretofore to induce the Arthus phenomenon in  rabbits  (26). 
We have found, however, that intracutaneous injections of as little as 
0.05 cc. stimulate high degrees of cutaneous sensitivity; areas of edema 
several centimeters in  diameter sometimes follow subsequent injec- 
tions of 0.01  cc.  Small doses (0.1 cc.) were used by Bt~hmig in sensi- 
tization;  and recently Kahn  (27)  noted that  quantities  as small  as 
0.5  cc. intracutaneously established cutaneous sensitivity.  The de- 
sirability of employing the smallest possible doses in testing differences 
in degree of reactivity is obvious. 
Variations in response incident to differences in age, sex, and strain 
of animals employed are described in  another communication (28). 
The influence of these variables was minimized by employing a  con- 
stant stock of rabbits consisting of a cross between English, lilacs, and 
Havanas.  Four to six animals were used in each group, and groups 
to be compared with each other were composed of individuals of ap- 
proximately the same weight.  One lot of serum kept without chemi- 
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The  scheme  of  testing  is  summarized  in  the  following  protocol:  ~ 
Day  Amount of horse serum  Bleeding to obtain serum for 
intracutaneously  precipifins 
1 
3 
6 
9 
12 
15 
18 
21 
cc. 
0.1 
0. 001 
0.001 
0.001 
0.001 
0.001 
0. 001 
0.001 
Bleeding 
Bleeding 
Bleeding 
Bleeding 
A fresh area of skin was selected for each injection.  The site of the original 
injection was observed for 15 days, and those of subsequent injections for 3 days 
each. 
In animals of the character mentioned,  1 the original injection of 0.1  cc. gives 
rise in 24 hours to a faintly pink papule about 25 mm. in diameter and 1 ram. in 
height, which fades in 72 hours.  In approximately one-half of the animals, how- 
ever, an edematous lesion reappears at the site of injection about the 9th day and 
reaches its maximum within 24 hours.  This "secondary reaction" is much more 
intense than the primary reaction and occupies a volume five to ten times as great. 
It  fades  completely within  a  week.  The  response  to  the  0.001  cc.  injections 
repeated at 3 day intervals varies.  Those made before the 9th day usually pro- 
voke no detectable response.  Beginning about the 9th day, however, there occur 
increasingly severe reactions which reach a maximum in 24 hours and fade within 
a few days.  In highly sensitive animals, moreover, a delayed reaction is observed 
following that injection of 0.001  cc. which was made 48 to  72  hours before the 
development of  the  secondary reaction above described.  Under  such  circum- 
stances, for instance, the site of the 0.001 cc. injection made on the 6th day remains 
negative until the 9th day, when a lesion develops concomitantly with the second- 
ary reaction at the site of the original 0.1  cc. injection.  As  sensitivity to  horse 
serum increases, lesions resulting from the 0.001 cc. injection develop more rapidly 
and may reach  their maximum within 6  hours.  Blood serum precipitins  are 
usually demonstrable 24 to 48 hours after cutaneous sensitivity develops,  z  During 
the course of such injections immature animals gained weight steadily. 
The  intervals indicated here  are  those  suitable  for  the  demonstration  of 
differences in males 2,000 gin. in weight. 
2 Precipitin titers were determined by mixing 0.4 cc. of each saline dilution of 
horse serum with 0.2 cc. of the rabbit serum to be titrated in smaU precipitin tubes. 
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An  increased  degree of reactivity  to  horse  serum  is made evident 
in several ways:  the primary response is greater; the secondary reac- 
tion occurs earlier, is found in a  higher proportion of animals,  and is 
more intense; reactions to injections of 0.001  cc. occur sooner and are 
larger; and "delayed reactions" are occasionally observed.  The time 
of appearance of precipitins  in  the  blood  serum is advanced.  With 
decreased reactivity these reactions are delayed or absent. 
After  sensitivity is  established  according to  the  foregoing criteria, 
the injection of 0.1 or 0.01 cc. of horse serum produces areas of redness 
and edema sometimes covering one entire side of the trunk and occa- 
sionally accompanied by hemorrhage and necrosis. 
Altered  reactivity  was  induced  by  inoculating  rabbits  in  various 
ways  with  living  cultures  of  an  indifferent  streptococcus,  which  is 
relatively  avirulent  for  these  animals,  and  also  by intravenous  im- 
munization with hemolytic streptococci.  The various forms of altered 
response  with  reference  to  the  infecting  microorganism  have  been 
described elsewhere (29). 
Experiment/.--In Group B, consisting of five females and one male, a state of 
bacterial hypersensitivity was induced within a period of 22 days by three daily 
intracutaneous inoculations in 0.1 cc. volume of from 10 -2 to 10 -3 cc. of a  culture 
(Strain Q 155) of indifferent streptococcus diluted in Ringer's solution.  At the 
end of this interval, inocula of 10 -6 cc., which provoked no lesions at the beginning 
of the experiment, gave rise to distinct papules, and reactions to larger doses were 
greatly increased.  The blood sera agglutinated the infecting organism in dilution 
of from 1:1,280  to 1:5,120.  The animals had, in effect,  been subjected to mild 
cutaneous streptococcal infections for 3 weeks.  They gained weight steadily and 
at the time of the first horse serum injections  a showed no evidences of persisting 
inflammation except small cicatrizing papules in two instances.  Group A,  com- 
prising six females,  received no preliminary treatment.  The rabbits all  weighed 
from 1,000 to 1,300 gm. each. 
The responses to a test of reactivity to horse serumin these two groups are demon- 
strated in Chart 1.  In the controls (Group A) there were no secondary reactions, 
precipitins appeared in low titer, and in only half of the animals by the  12th  day. 
The 0.001 cc. test doses first provoked small skin lesions on the 12th day. 
1 : 10,000, 1:50,000,  1 : 100,000.  The tubes were examined after remaining 2 hours 
at 37°C. in a water bath, and again after 6 to 8 hours in the  refrigerator.  The 
slightest definite precipitate not present in a saline control tube was designated as 
+; heaviest precipitate  (rarely encountered)  + + + +. 
8 Bacterial inoculations  were made into the skin over the hind legs and areas 
over the trunk were used for the horse serum injections. 328  EFFECT  OF  INFECTION  ON  REACTMTY  TO  SERUM 
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CHA.RT 1.  Cutaneous  lesions  and  precipitin  titers  in  control  and  hypersensitive  rabbits 
following  the intracutaneous  injection  of horse serum.  S  =  secondary  reaction. MARK  P.  SCHULTZ  AND  HOMER  F.  SWIFT  329 
In contrast,  Group B, previously sensitized  intracutaneously with  streptococci, 
showed larger  original  lesions;  half  of the animals developed secondary reactions 
on the 4th day; precipitins  appeared first  on the 6th day and were present in good 
titer  in  all  by the 9th day.  Reactivity to the 0.001 cc. test  doses, apparent on the 
4th day, became quite marked. 
The animals were observed for 3 months; and the following observations  con- 
cerning the development of skin sensitivity  and occurrence of precipitins  in the 
blood serum appear noteworthy. 
I. Skin hypersensitivity developed before serum precipitins  were demonstrable, 
especially  in the sensitive  group (B). 
2. As precipitin  titers  diminished skin sensitivity  often persisted or increased 
in intensity. 
3. In individual animals there was no correlation  between the degree of skin 
sensitivity  and the height of the precipitin  titer. 
Experiment 2.--Group B  received intraveno~ inocula of Streptococcus  Q  155 
in the same doses and intervals  as those given intracutaneously in the first  experi- 
ment  (total 0.32433 cc. of culture).  Meanwhile,  the  animals steadily gained 
weight.  Their reactivity  to horse serum was tested 5 days after the last intrave- 
nous inoculation.  Cutaneous reactivity to the streptococci  and agglutinin titers 
were not determined; but it was previously demonstrated  (30) that in rabbits so 
inoculated the agglutinin titers  are slightly  higher than in those receiving com- 
parable small doses intracutancously, and that although skin reactivity  to inocula- 
tion with homologous streptococci is  very slightly  increased, the lesions  are of the 
type encountered in "immunized" animals. 
Group  C  received large immunizing  intravenous  injections of living cocci. 
Rabbits so treated develop serum agglutinins in  high  titcr,  and  upon intracutaneous 
inoculation with the homologous microorganism show small indurated lesions  (29). 
In this  group some animals lost  slightly  in weight during immunization, but there- 
after  gained.  There was no obvious focal  infection,  no arthritis,  and at autopsy 
no scars  or collections  of pus were found; hence it is improbable that any active 
inflammation was present at the time reactivity to horse serum was tested,  viz. 
5 days after  the last  intravenous inoculation.  At this  time a previously untreated 
control group (A) was introduced.  Reactivity to horse serum was tested in the 
manner used in  Experiment i with the  exception that on the Ist  day in addition to 
the sensitizing  dose of 0.1 cc. a test  dose of 0.001 cc. was also  given.  The rabbits 
weighed 1,500 to 2,000 gln. each and the groups were balanced with regard to 
weight and sex.  The results  are indicated in Chart 2. 
Control  Group A.--Thcre was no reaction to the 0.001 cc. injection on the Ist 
day.  Three of the six rabbits developed secondary reactions, all exhibited  a 
degree of skin sensitivity  to the small test  doses on the 10th day, and the sera of 
three  of the  six  showed distinct  prccipitins  on the 16th day. 
Group B.--One  rabbit reacted slightly to 0.001 cc. of horse serum onthe Ist 
day; three  of  the five  developed secondary reactions,  one showed a delayed reaction 330  EFFECT  OF  INFECTION  ON  REACTIVITY  TO  SERUM 
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CHART 2.  Cutaneous  lesions and  precipitin  titers in rabbits (A) receiving no preliminary 
treatment, (B) following small doses of indifferent  streptococci  intravenously,  and  (C)  after 
large doses of indifferent streptococci intravenously.  S  =  secondary reaction.  D  =  delayed 
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to the 0.001  cc. injection on the 4th day, and all gave some inflammatory response 
to the small test doses on the 6th day.  In four of five, precipitins were present on 
the 16th day, and in one animal precipitins were present in high fiter on the 10th 
day.  This  group,  therefore,  showed  a  very irregular but  definite increase in 
reactivity, although by no means of the grade exhibited in the first experiment by 
rabbits  previously sensitized with  comparable  doses  of  the  same  streptococci 
intracutaneously. 
Group C.--Relatively large lesions resulted from the injections of 0.1 cc. on the 
1st day and one animal also responded to 0.001 cc. on this day.  Three of the four 
rabbits developed secondary reactions; all responded to the smaU test doses on the 
4th  day  (two had delayed reactions to this injection), and all showed distinct 
precipitins by the 10th day.  The increase in reactivity in this group approached 
but did not equal that shown by the individuals of Group B  in Experiment  1 
which  were  subjected to  mild cutaneous  streptococcal  infections for  a  similar 
period of time, but which received by comparison only minute doses of the bacteria. 
This experiment demonstrates the same general phenomena observed in Experi- 
ment  1.  In addition, delayed reactions to the smaU test doses were noted fre- 
quently, and in some animals showing increased reactivity there was response even 
to the injection of a 0.001 cc. of horse serum on the 1st day. 
Experiment 3.--Here the first two experiments were in principle repeated.  One 
group of rabbits (A) received no preliminary treatment.  Group B was sensitized 
in a manner similar to that used in the first experiment and with cultures of the 
same  strain  Each  animal  received daily intracutaneous  inoculations of from 
0.01 to 0.05 cc. for a period of 21 days.  The total quantity of culture injected was 
0.44011  cc.  A third group (C) was given large intravenous immunizing doses of 
hemolytic streptococci (Strain London M A) which was virulent for rabbits.  The 
first injections were of heat-killed vaccine; later, living cultures were used.  Eight 
weekly series of injections were administered and the individual doses were in- 
creased from 1 cc. to 3 cc. during  the interval.  Group B  was tested with horse 
serum 8 days after the last intracutaneous bacterial inoculation and Group C  2 
weeks after the final intravenous immunization.  At this time the animals weighed 
from 1,500  to 2,000 gm.; all were gaining weight and there was no evidence of 
persisting inflammation in any of them.  At autopsy no scars or collections of pus 
were found to indicate that a chronic infection had been induced. 
The results are briefly presented in Table I.  The sensitive and immune animals 
both showed somewhat larger lesions than the controls at the site of the original 
0.1  cc. injection.  On the 1st day none of the controls reacted to 0.001  cc., while 
all of  the  intracutaneously sensitized rabbits and  several of  the intravenously 
immunized group showed definite lesions.  This  order of relative degree of re- 
activity of the groups, sensitive, immune, control, was also evident in the occur- 
rence of secondary reactions, in the appearance of delayed reactions to 0.001  cc. 
test doses, in the development of cutaneous sensitivity to repeated test doses, and 
in the precipitin titers on the 9th day. 332  MARK  P.  SCI-I'ULTZ  AND  HOMER  F.  SWIFT 
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DISCUSSION 
The  foregoing  experiments  indicate  that  antecedent  low  grade 
streptococcal skin infections, as well as intravenous immunization with 
streptococci, alter  the immunological responses of  rabbits  to  horse 
serum in the direction of accelerated reactivity.  They do not, how- 
ever, clarify the mechanism responsible for the establishment of such 
an altered state.  Lewis and Loomis (8) have proposed the term "al- 
lergic irritability" for a  similar condition developing during infection 
and have defined it as the "capacity of the animal to react to antigenic 
substances" and "as a general characteristic of the animal on the basis 
of which it reacts to stimuli of the antigenic class whether they be 
helpful, injurious or indifferent to bodily health."  These authors, as 
well as Dienes, Siegmund, and others, have suggested that the stimu- 
lation of the reticulo-endothelial system during infection may be re- 
sponsible for the phenomena observed.  They describe an experiment 
in which trypan blue injections in rabbits had an effect similar to in- 
fection in accelerating the production of hemolytic amboceptor. 
The probability of the correctness of such an explanation has in- 
creased with the further development of knowledge concerning the 
function of the reticulo-endothelial system.  The voluminous litera- 
ture dealing with so called anamnestic reactions is reviewed by Topley 
(31)  and by Weichardt  (32).  Extensive  experiments,  particularly 
those of Walbum (33) and of Weichardt and their collaborators, have 
indicated that the intravenous injection of metallic salts, colloids, or 
of protein solutions, may, in certain phases of the immunization proc- 
ess with various microorganisms, increase the titer of circulating anti- 
bodies.  The  significance  of  such  observations  indicating  that 
measures affecting the state of reactivity of the reticulo-endothelial 
system are of decisive influence in altering the immunological  response, 
is discussed in a recent review by Jungeblut (34).  The stimulation of 
this cellular system, as in the demonstration of "anamnestic reactions" 
results in increased immunological reactivity.  Depression has been 
found to retard the development  of skin sensitivity (35) and to prevent 
fatal tuberculin shock in guinea pigs (36, 37).  Numerous studies in- 
volving extirpation of the spleen and blockade with various substances 
indicate that an intact reticulo-endothelial system is essential for nor- 
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Most of the experiments cited have dealt almost exclusively with 
effects of intravenous treatment or inoculation in altering the func- 
tions of the reticulo-endothelial system.  The stimulating influence of 
streptococcal sepsis on this system in the rabbit has been particularly 
noted (38).  That mild local cutaneous infections should have a similar 
effect might be expected, but our experiments indicate that they exert 
a considerably more marked influence than that aroused by intrave- 
nous stimulation.  Tuft (39),  recently, in calling attention to the im- 
portance of the skin as an immunological  organ, suggests that this may 
be  due  to  the  local  stimulation of  cells  of the  reticulo-endothelial 
system which are especially abundant there.  The effect of localized 
inflammation in  causing a  generalized stimulation of reticulo-endo- 
thelial structures has been noted in histologic studies of the liver (40) 
and of the bone marrow (41),  and in physiological experiments (42). 
There is abundant evidence that the development of anaphylactic 
phenomena is distinctly modified by the state of reactivity of the retic- 
ulo-endothelial system.  For example, Klinge  (43)  in  studying  the 
pathogenesis of the Arthus phenomenon in  rabbits  sensitized with 
horse serum, found that the local development of hyperergic inflam- 
mation was prevented when the cells of the reticulo-endothelial sys- 
tem, characteristically involved in the reaction, had become impreg- 
nated with trypan blue. 
It seems justifiable, therefore, to conclude that the accelerated re- 
sponse to intracutaneous injections of horse serum observed in  the 
experiments reported here was conditioned by a  state of hyperreac- 
tivity of the reticulo-endothelial system which had been induced by 
the  antecedent  streptococcal infections and  injections.  It  may be 
that  a  similar  conditioning of  reactivity  explains,  in  part,  certain 
phenomena observed by Jones and Mote  (44)  in  patients suffering 
from rheumatic fever.  These authors noted that  such patients be- 
came hypersensitive to rabbit  serum after receiving repeated intra- 
dermal injections of very small amounts of  this foreign protein.  It 
seems highly probable that the rheumatic state accelerated and al- 
tered the mode of reactivity of these children to the test substance. 
An analogy to the phenomena demonstrated in the experiments de- 
scribed is perhaps found in the broadening of the zone of hypersen- 
sitivity known from experience to  occur in patients.  Sensitizations MARK  P.  SCHULTZ  AND  HOMER  ~F.  SWIFT  335 
caused by one substance tend to lose their monovalence and become 
polyvalent, with a  demonstrable sensitivity of the skin, for instance, 
embracing  many  substances  which may  or  may  not  be  of  clinical 
significance. 
SUMMARY 
1.  The cutaneous responses of rabbits to small doses of horse serum 
intracutaneously is described.  After an original injection of 0.1 cc. a 
secondary  reaction  often  occurs  about  the  9th  day,  and  tests  at  3 
day intervals with 0.001  cc. quantities indicate that general skin hy- 
persensitivity is established at this time.  Circulating precipitins for 
horse  serum  appear  later.  As  the  degree  of  sensitivity  increases, 
lesions resulting from test doses reach a maximum development more 
quickly. 
2.  The reactivity of rabbits to horse serum is greatly increased by 
antecedent  sensitization  of  the  animals  with  repeated  small  intra- 
cutaneous inoculation of indifferent streptococci or immunization with 
large intravenous injections of either indifferent or hemolytic strepto- 
cocci.  Doses of indifferent streptococci precisely comparable to those 
producing greatly enhanced reactivity when given intracutaneously, 
increase reactivity to horse serum irregularly and to slight degree when 
injected intravenously. 
3.  Increases  in  reactivity  (allergic  irritability)  are  made  evident 
by the occurrence of larger skin lesions at the site of the primary horse 
serum injections, the earlier development of more distinct secondary 
reactions in a  higher percentage of animals,  and by the more rapid 
appearance of skin sensitivity to the small test doses which may be 
first evidenced by delayed reactions at these injection sites.  Accom- 
panying  these  evidences  of  increased  reactivity,  there  is  an  early 
appearance of blood serum precipitins in high titer. 
4.  There was no evidence of residual inflammation in any of the ani- 
mals at the time reactivity to horse serum was tested.  No attempt 
was made to determine the duration of this altered reactive capacity. 
It has been encountered in tests begun from 8 to 14 days after the last 
preliminary inoculation. 
5.  It is suggested that the increased reaction described is brought 
about  by  a  persisting  alteration  in  the  functional  activity  of  the 
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